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Introduction
At RAN1 #82, contributions [1][2] were submitted and the following agreement was reached: 
Agreements:
· Introduce new maximum TBSs assuming fewer number of available REs, e.g., 120 REs  per PRB, for at least Rel-12 UEs configured with TMs 9/10
· Note that both 64QAM and 256QAM to be considered

· Companies are encouraged to provide the exact maximum TBS values and solutions to RAN1#82bis
In this contribution, we give our proposal for the TBS value determination. 
2
Discussion
The proposed solution is to adapt the transport block size determination to the number of physical channel bits G available for PDSCH in the scheduled subframe. The parameter G must already be calculated by the eNodeB and the UE to carry out rate matching and de-rate matching, respectively.

We assume that existing transport block sizes are to be reused. No new transport block sizes are introduced. Furthermore, a UE that supports at most [image: image2.png]


 layers of spatial multiplexing shall not be required to support transport block sizes that are possible only if more than [image: image4.png]


 layers of spatial multiplexing are mapped to the transport block.

We assume further that the effective channel code rate should be limited to 0.931, consistent with the provision in section 7.1.7 of [3] that the UE may skip decoding a transport block in an initial transmission if the effective channel code rate is higher than 0.931.
The procedure for transport block size determination described in section 7.1.7.2 of [3] is proposed to be altered only for DCI format 1/1B/1D/2/2A/2B/2C/2D with CRC scrambled by C-RNTI, and only if [image: image6.png]


, where [image: image8.png]


 if the higher layer parameter altCQI-Table-r12 is configured, and [image: image10.png]


 otherwise. When these conditions hold, the transport block size may be determined according to one of the following options:

Option 1: For a transport block mapped to [image: image12.png]


 layers of spatial multiplexing, the transport block size is set to the largest among all transport block sizes supported for a transport block mapped to [image: image14.png]


 layers of spatial multiplexing, subject to the constraint that the effective channel code rate not exceed 0.931.

For a transport block that is not mapped to more than single-layer spatial multiplexing, the set of supported transport block sizes consists of all unique entries in Table 7.1.7.2.1-1 [3].

For a transport block that is mapped to two-layer spatial multiplexing, the set of supported transport block sizes consists of all unique values drawn from Table 7.1.7.2.1-1 [3] in columns labeled with [image: image16.png]Nprp = 2.4..... 110




, together with all values of TBS_L2 reachable with the mapping defined in Table 7.1.7.2.2-1, where TBS_L1 is drawn from Table 7.1.7.2.1-1 in columns labeled with [image: image18.png]Nprg = 56, 57...., 110



.

For a transport block that is mapped to three-layer spatial multiplexing, the set of supported transport block sizes consists of all unique values drawn from Table 7.1.7.2.1-1 [3] in columns labeled with [image: image20.png]Npre = 3,6..... 108




, together with all values of TBS_L3 reachable with the mapping defined in Table 7.1.7.2.4-1, where TBS_L1 is drawn from Table 7.1.7.2.1-1 in columns labeled with [image: image22.png]Npre = 37, 38...., 110



.

For a transport block that is mapped to four-layer spatial multiplexing, the set of supported transport block sizes consists of all unique values drawn from Table 7.1.7.2.1-1 [3] in columns labeled with [image: image24.png]Nprp = 4, 8..... 108




, together with all values of TBS_L4 reachable with the mapping defined in Table 7.1.7.2.5-1, where TBS_L1 is drawn from Table 7.1.7.2.1-1 in columns labeled with [image: image26.png]Npre = 28.29..... 110



.

Independent of the number of layers of spatial multiplexing, if the higher layer parameter altCQI-Table-r12 is not configured, transport block sizes occurring only in rows [image: image28.png]Irgs > 26



 are excluded.

Option 2: For TBS index [image: image30.png]Irge



 and a transport block mapped to [image: image32.png]


 layers of spatial multiplexing, the transport block size is set to the largest among all transport block sizes supported for TBS index [image: image34.png]Irge



 and a transport block mapped to [image: image36.png]


 layers of spatial multiplexing, subject to the constraint that the effective channel code rate not exceed 0.931.

For a transport block that is not mapped to more than single-layer spatial multiplexing, the set of supported transport block sizes consists of all unique entries in Table 7.1.7.2.1-1 [3] in the row with TBS index [image: image38.png]Irge



.
For a transport block that is mapped to two-layer spatial multiplexing, the set of supported transport block sizes consists of all unique values drawn from Table 7.1.7.2.1-1 [3] in the row with TBS index [image: image40.png]Irge



 and in columns labeled with [image: image42.png]Nprp = 2.4..... 110




, together with all TBS_L2 entries in Table 7.1.7.2.2-1 that are paired with a TBS_L1 that occurs in Table 7.1.7.2.1-1 in the row with TBS index [image: image44.png]Irge



 and in columns labeled with [image: image46.png]Nprg = 56, 57...., 110



.
For a transport block that is mapped to three-layer spatial multiplexing, the set of supported transport block sizes consists of all unique values drawn from Table 7.1.7.2.1-1 [3] in the row with TBS index [image: image48.png]Irge



 and in columns labeled with [image: image50.png]Npre = 3,6..... 108




, together with all TBS_L3 entries in Table 7.1.7.2.4-1 that are paired with a TBS_L1 that occurs in Table 7.1.7.2.1-1 in the row with TBS index [image: image52.png]Irge



 and in columns labeled with [image: image54.png]Npre = 37, 38...., 110



.

For a transport block that is mapped to four-layer spatial multiplexing, the set of supported transport block sizes consists of all unique values drawn from Table 7.1.7.2.1-1 [3] in the row with TBS index [image: image56.png]Irge



 and in columns labeled with [image: image58.png]Nprp = 4, 8..... 108




, together with all TBS_L4 entries in Table 7.1.7.2.5-1 that are paired with a TBS_L1 that occurs in Table 7.1.7.2.1-1 in the row with TBS index [image: image60.png]Irge



 and in columns labeled with [image: image62.png]Npre = 28.29..... 110



.

For either of the above options, the alternative transport block size determination procedure described should be engaged only in response to signaling from the eNodeB to the UE. The UE may signal to the eNodeB its capability of executing this procedure, and in response the eNodeB may signal a configuration message to the UE to define when the procedure shall be executed. 
The alternative procedure proposed here place a larger computational burden on eNodeB and UE than the existing table look-up. In each option a candidate set of transport block sizes must be searched. There are however UEs already deployed in the field today that are more than powerful enough to handle this operation.

A few comparisons of the options are now made.

There are 186 candidate transport block sizes in option 1 for a transport block mapped to no more than 1 layer of spatial multiplexing, and 196 candidate transport block sizes for a transport block mapped to more than 1 layer of spatial multiplexing. If the higher layer parameter altCQI-Table-r12 is not configured, there are 8 fewer candidate transport block sizes to consider.

Option 2 reduces the number of transport block sizes to be searched to no more than 64. 

Option 2 is more restrictive than option 1, in the sense that option 1 can yield a larger transport block size, hence larger peak throughput. As just one example, in subframe 0 of a channel with normal cyclic prefix and frame structure type 1 and downlink transmission bandwidth [image: image64.png]


, option 2 yields a transport block size of 73,712 when altCQI-Table-r12 is configured and [image: image66.png]


, [image: image68.png]50



, CFI [image: image70.png]


 1, 2 layers of spatial multiplexing are mapped to the transport block, the number of CRS ports and DM-RS ports are each 4, and 4 CSI-RS are transmitted. In this example options 1 yields a transport block size of 75,376, increasing peak throughput by 2.3% relative to option 2.

2.1
TBS ambiguity

There exists an ambiguity with both Options 1 and 2. When the PDCCH for the first transmission is not received by the UE then the UE will not be able to determine the correct TBS for retransmissions whenever the maximum TBS is used. 

We note however that with the maximum TBS, typically any RVID other than RVID=0 is not self-decodable. Therefore not being able to decode the second transmission after the first transmission PDCCH failure would not result in a performance loss in itself. Then there is not much loss if we assume that both with Option 1 and Option 2, TBS determination is always based on the latest Tx with RVID=0 with the same NDI.     
3
Conclusions 
In this paper, we gave proposals for the TBS determination for the highest MCS cases at least for TM9/10. 
We propose to select one of Option 1 or Option 2: 
Option 1: For a transport block mapped to [image: image72.png]


 layers of spatial multiplexing, the transport block size is set to the largest among all transport block sizes supported for a transport block mapped to [image: image74.png]


 layers of spatial multiplexing, subject to the constraint that the effective channel code rate not exceed 0.931.

Option 2: For TBS index [image: image76.png]Irge



 and a transport block mapped to [image: image78.png]


 layers of spatial multiplexing, the transport block size is set to the largest among all transport block sizes supported for TBS index [image: image80.png]Irge



 and a transport block mapped to [image: image82.png]


 layers of spatial multiplexing, subject to the constraint that the effective channel code rate not exceed 0.931.
It should be also decided whether the alternative transport block size determination is to be restricted to transmission modes 9 and 10 or applied to all transmission modes. 
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